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ABSTRACT 
D i s t r i b u t i o n s  of  mean ozone l e v e l s  from 
t h e  f i r s t  two y e a r s  o f  d a t a  from t h e  NASA 
Global Atmospheric Sampling Program (GASP) 
show s p a t i a l  and temporal  v a r i a t i o n s  i n  
agreement wi th  prev ious  measurements. The 
s t a nda rd  d e v i a t i o n s  o f  t h e s e  d i s t r i b u t i o n s  
r e f l e c t  t h e  l a r g e  n a t u r a l  v a r i a b i l i t y  of ozone 
l e v e l s  i n  t h e  a l t i t u d e  range of t h e  GASP 
measurements. Monthly mean l e v e l s  of  ozone 
below t h e  t ropopause show an annual  c y c l e  wi th  
a  s p r i n g  maximum which i s  be l i eved  t o  r e s u l t  
from t r a n s p o r t  from t h e  s t r a t o s p h e r e .  
C o r r e l a t i o n s  of ozone wi th  independent 
meteoro log ica l  parameters ,  and meteoro log ica l  
parameters  ob ta ined  by t h e  GASP systems show 
t h a t  t h i s  t r a n s p o r t  occu r s  p r i m a r i l y  through 
cy c logenes i s  a t  m id - l a t i t udes ,  The GASP water  
vapor d a t a ,  analyzed w i th  r e s p e c t  t o  t h e  
l o c a t i o n  of  t h e  t ropopause ,  c o r r e l a t e s  we l l  
wi th  t h e  s imul taneous ly  ob ta ined  ozone and 
cloud d a t a .  
THE OBJECTIVES OF GASP a r e  t o  o b t a i n  
atmospheric  c o n s t i t u e n t  d a t a  i n  t h e  upper 
t roposphere  and lower s t r a t o s p h e r e  and t o  
document and ana lyze  t h e s e  d a t a  t o  e s t a b l i s h  
b a s e l i n e  l e v e l s  and v a r i a b i l i t y  of s e l e c t e d  
c o n s t i t u e n t s ,  and t o  a s s e s s  p o t e n t i a l  adverse  
e f f e c t s  from a i r c r a f t  emiss ions  on t h e  n a t u r a l  
atmosphere. Fu l l y  automated GASP systems a r e  
now ope ra t i ng  on a United A i r l i n e s  B-747, two 
Pan American World Airways B-747's, a  Qantas 
Airways of A u s t r a l i a  B-747 ,  and t h e  NASA 
CV-990 r e sea r ch  a i r c r a f t .  Data a r e  recorded 
every  f i v e  minutes  whenever t h e  a i r c r a f t  a r e  
above t h e  6 km a l t i t u d e  f l i g h t  l e v e l .  The 
GASP system des ign ,  t h e  measurement 
i n s t rumen t s ,  t h e  on-board computer f o r  
automatic  c o n t r o l  of d a t a  a c q u i s i t i o n ,  and 
system maintenance procedures  a r e  de sc r i bed  i n  
1 GASP d a t a  a r e  a v a i l a b l e  on magnetic 
computer t ape  from t h e  Nat iona l  C l ima t i c  
Cente r ,  Ashev i l l e ,  NC (2-8). Analyses of GASP 
d a t a  a r e  r epo r t ed  i n  (2 -12) .  
OZONE - Measurements a r e  made u s ing  a  
cont inuous u l t r a v i o l e t  ab so rp t i on  ozone 
photometer ( 1 3 ) .  The range of t h i s  ins t rument  
is from 3 t o  20,000 ppbv, w i th  a s e n s i t i v i t y  
of 3 ppbv. I n - f l i g h t  monitor ing of  t h e  ozone 
ins t rument  i nc ludes  measurement o f  t h e  
ins t rument  z e ro  and t h e  e l e c t r o n i c  span 
s e t t i n g  and c o n t r o l  f r equenc i e s .  P e r i o d i c  
checks f o r  c a l i b r a t i o n  cons i s t ency  a r e  
performed i n  t h e  l a b o r a t o r y .  A t  t h e  t ime  t h e  
d a t a  r e p o r t e d  he r e in  were ob t a ined ,  GASP ozone 
ins t ruments  were checked a g a i n s t  an ozone 
gene ra to r  which was c a l i b r a t e d  a t  1000 ppbv by 
t h e  one pe r cen t  n e u t r a l  bu f f e r ed  K I  method 
( 1 4 )  
P r i o r  t o  measurement of  t h e  ozone l e v e l ,  
t h e  a i r  sample i s  p r e s s u r i z e d  t o  nominal ly  1 
atm. The ozone r ead ings  a r e  c o r r e c t e d  f o r  
d r i f t  of t h e  ins t rument  z e ro  and a r e  c o r r e c t e d  
t o  s t anda rd  atmospheric  p r e s su re  and t o  a  
temperature  of  2 5  deg ree s  C .  I n  a d d i t i o n ,  t h e  
measured va lue s  a r e  c o r r e c t e d  f o r  t h e  
d e s t r u c t i o n  of ozone i n  t h e  sample l i n e s  and 
i n  t h e  pump. This  r e l a t i o n  i s  determined from 
ozone-loss  t e s t s  performed p e r i o d i c a l l y  
on-board t h e  a i r c r a f t  under cond i t i ons  
s imu la t i ng  ope ra t i on  i n  f l i g h t  ( 2 - 8 ) .  
WATER VAPOR - Measurements r e p o r t e d  
here in  were ob ta ined  w i th  an aluminum oxide  
dew-frost  p o i n t  hygrometer 1 5 1 6  The 
s enso r s  a r e  c a l i b r a t e d  by t h e  manufac ture r ,  
wi th  a  s p e c i f i e d  dew-frost  po in t  t empera ture  
(DFPT) accuracy of  +_ 3 deg C f o r  -110 deg C 5 
DFPT < -60 deg C and + 2 deg C f o r  -60 deg C < 
DFPT 5 + 4 0  deg C .  
The s enso r s  a r e  r e - c a l i b r a t e d  i n  an 
environmental  chamber a t  NASA-Lehs p r i o r  t o  
i n s t a l l a t i o n  on t h e  a i r c r a f t .  Because t h e  
sensor  ou tpu t  v a r i e s  w i t h  air -sample 
tempera ture ,  c a l i b r a t i o n  i s  performed a t  room 
temperature  (+20 deg C ) ,  -20 deg C and -40 deg 
C .  Upon removal from t h e  a i r c r a f t ,  s en so r s  
a r e  c a l i b r a t e d  aga in  a t  room temperature .  
Data a r e  used on ly  i f  t h e  r e - c a l i b r a t i o n s  a r e  
wi th in  t h e  l i m i t s  s p e c i f i e d  above. 
Laboratory t e s t s  on t h e  aluminum oxide 
hygrometer have shown s e v e r a l  s e r i o u s  
d e f i c i e n c i e s  which must be cons idered  i n  
eva lua t i ng  t h e  f l i g h t  d a t a  : 
1) Although t h e  v a r i a t i o n  of  sensor  
ou tpu t  w i th  equ i l i b r i um a i r  sample tempera ture  
is  accounted f o r  i n  t h e  d a t a  r educ t i on ,  t h e  
sensor  has  been found t o  have a  t r a n s i e n t  
response t o  changes i n  ambient temperature  a t  
cons t an t  DFPT. This  response i s  dependent on 
bo th  t h e  magnitude o f  t h e  temperature  change, 
and t h e  r a t e  of change. 
2 )  The t i m e  cons t an t  of t h e  aluminum 
* Numbers i n  paren theses  de s igna t e  r e f e r ences  oxide hygrometer i n  response t o  a  s t e p  change 
a t  end of t h e  paper .  i n  DFPT was found t o  vary  from 8 t o  30 minutes  
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depending on t h e  equi l ibr ium air-sample 
temperature and t h e  magnitude and d i r e c t i o n  of 
t h e  change i n  DFPT. 
3) The recovery of t h e  sensor  from 
s a t u r a t e d  cond i t i ons ,  a s  a r e  encountered wi th  
t h e  passage of t h e  a i r c r a f t  through c louds ,  
was found t o  be very  slow. This  
c h a r a c t e r i s t i c  is  apparent  i n  t h e  f l i g h t  d a t a  
whenever prolonged s a t u r a t i o n  i s  ind i ca t ed .  
CLOUDS - F l i g h t  t e s t  experience wi th  t h e  
l i g h t - s c a t t e r i n g  p a r t i c l e  counters  included i n  
t h e  GASP systems has i nd i ca t ed  t h a t  f l i g h t  
through c louds  r e s u l t s  i n  a  s i g n i f i c a n t l y  
g r e a t e r  count  of t h e  l a r g e s t  s i z e  p a r t i c l e s  ( D >  
3  micrometers) than i s  obtained i n  c l e a r  a i r .  
A simple cloud d e t e c t o r  i s  thus  a v a i l a b l e  by 
observing t h e  counting r a t e  of t h e  l a r g e s t  
s i z e  p a r t i c l e s .  This  s i g n a l  i s  monitored f o r  
256 seconds p r i o r  t o  each da t a  record ing .  The 
time du r ing  which t h e  cloud r a t e  is  g r e a t e r  
than a  p r e s e t  l e v e l  i s  i n t e r p r e t e d  a s  time i n  
c louds .  This  l e v e l  was programmed on board 
t h e  United a i r l i n e r  based on v i s u a l  
observa t ion  of a  l i g h t  haze. 
DATA PROFILE STATISTICS 
Figure 1 shows t h e  d i s t r i b u t i o n  of 
a rch ived  GASP d a t a ,  by month, from March 1975 
through December 1976. NMET i s  t h e  t o t a l  
number of observa t ions ,  and inc ludes  f l i g h t  
and meteorological  d a t a .  NO3 i s  t h e  number of 
ozone observa t ions ,  and NH20 is  t h e  number of 
water  vapor observa t ions  r epo r t ed .  Because up 
t o  h a l f  of t h e  record ings  made each f l i g h t  
hour a r e  used f o r  instrument  c a l i b r a t i o n  
func t ions ,  t h e  number of c o n s t i t u e n t  d a t a  
p o i n t s  i s  less than NMET. Through September 
1976, d a t a  were a rch ived  from only those  
f l i g h t s  f o r  which c o n s t i t u e n t  d a t a  were 
a v a i l a b l e .  I n  response t o  r e q u e s t s ,  we began, 
wi th  t h e  October 1976 d a t a ,  t o  r e p o r t  d a t a  
from a l l  GASP f l i g h t s .  
The d i s t r i b u t i o n  of  t h e  GASP ozone 
observa t ions  by l a t i t u d e  i s  shown i n  f i g u r e  
2 a ) .  This  d i s t r i b u t i o n  r e f l e c t s  t h e  rou t e  
s t r u c t u r e  of  t h e  GASP-equipped a i r c r a f t .  
Since t h i s  f i g u r e  is  based on a l l  observa t ions  
repor ted  through December 1976, it inc ludes  
t h e  e f f e c t  of  t h e  add i t i on  of new GASP 
a i r c r a f t ;  f o r  example, d a t a  from t h e  Pan Am 
B-747SP were a v a i l a b l e  f o r  t h e  f i r s t  t ime i n  
Apr i l  1976, and t h e  f i r s t  Qantas  d a t a  were 
repor ted  i n  t h e  t h i r d  q u a r t e r  of 1976. 
The d i s t r i b u t i o n  of t h e  Northern 
Hemisphere da t a  by geopo ten t i a l  a l t i t u d e  i s  
shown i n  f i g u r e  2 b ) .  This  d i s t r i b u t i o n  does 
no t  vary apprec iab ly  between t h e  c o n t r i b u t i n g  
a i r c r a f t ,  except  t h a t  d a t a  above 12 km a r e  
mostly from t h e  B-747SP. Since t h e  GASP d a t a  
a r e  obtained i n  terms of a i r c r a f t  
p r e s su re -a l t i t ude ,  supplementary d a t a  a r e  
necessary t o  e f f e c t  t h e  t ransformat ion  t o  
geopo ten t i a l  a l t i t u d e .  This  i s  provided by 
National  Meteorological  Center  (NMC) gr idded 
d a t a  a r r a y s ,  a v a i l a b l e  f o r  0000 and 1200 GMT 
d a i l y ,  g iv ing  t h e  he igh t  of s tandard  p re s su re  
l e v e l s .  
ANALYSES 
OZONE - GASP d a t a  ana lyses  t o  d a t e  have 
shown s p a t i a l  and temporal v a r i a t i o n s  which 
a r e  i n  agreement w i th  d a t a  from ozonesondes. 
Examples of t h e  v a r i a t i o n  of t h e  mean ozone 
l e v e l s  wi th  l a t i t u d e  and by month a r e  shown i n  
f i g u r e s  3 and 4 r e s p e c t i v e l y .  The GASP d a t a  
on these  f i g u r e s  a r e  f o r  p re s su re -a l t i t udes  
from 10.5 t o  11.5 km. The shaded a r e a s  
i n d i c a t e  2 one s tandard  devia t ion  from t h e  
mean, and r e f l e c t  t h e  l a r g e  n a t u r a l  
v a r i a b i l i t y  of ozone i n  t h e  a l t i t u d e  range of 
t h e  GASP observa t ions .  Measurements from t h e  
North American ozonesonde network a r e  shown by 
the  dashed l i n e s  (17 ,18 ) .  Although t h e  GASP 
mean va lues  agree w e l l  with t he se  curves ,  it 
should be noted t h a t  t h e  GASP d a t a  a r e  zonal  
averages,  whereas t h e  ozonesonde d a t a  a r e  from 
only t h e  North American s e c t o r .  
The l o c a l  ozone d a t a  have been shown i n  
numerous case  s t u d i e s  (2 ,3 ,5 ,7 ,9 ,10)  t o  
c o r r e l a t e  wel l  wi th  t h e  d i f f e r ence  between t h e  
ambient p re s su re ,  c a l cu l a t ed  from t h e  a i r c r a f t  
p r e s s u r e - a l t i t u d e ,  and t h e  tropopause 
p re s su re ,  i n t e r p o l a t e d  from NMC gridded 
f i e l d s .  The d i s t r i b u t i o n  of t h e  GASP 1975 
ozone d a t a  a s  a  func t ion  of t he se  p re s su re  
i n t e r v a l s  from t h e  NMC tropopause i s  shown i n  
f i g u r e  5 .  This p r o f i l e  agrees  favorably  wi th  
t h e  ozone d i s t r i b u t i o n  from t h e  1976 U.S. 
Standard Atmosphere ( 1 9 )  . 
From September 1974, through mid-December 
1975, t h e  l oca t ion  of t h e  tropopause su r f ace  
archived by NMC was determined by t h e  F l a t t e r y  
g loba l  a n a l y s i s  method (201, which t e s t e d  t h e  
s lope  of  t h e  v e r t i c a l  temperature p r o f i l e  a t  
each NMC g r i d  po in t  upward from t h e  f i r s t  
mandatory p re s su re  l e v e l .  However, a s  of 
December 17,  1975, (1200 GMT) , t h e  t ropopause 
p re s su re  s u r f a c e ,  archived i n  t h e  NMC 65x65 
a r r a y s ,  has been formulated us ing  a  procedure 
conceived by Gustafson (21) which scans  t h e  
p o t e n t i a l  temperature p r o f i l e  a t  each g r i d  
po in t  downward u n t i l  a  d i s t i n c t  s t a b i l i t y  
t r a n s i t i o n  is  found. Zonal mean tropopause 
p re s su re s  f o r  1975 and 1976 suggest  t h a t  t h e  
c u r r e n t  (Gustafson) a n a l y s i s  renders  
tropopause p re s su re s  c o n s i s t e n t l y  g r e a t e r  than  
those  der ived  from t h e  previous ( F l a t t e r y )  
method; s ee  (5-8) .  Because of t he se  
d i f f e r e n c e s ,  t h e  1976 GASP d a t a  a r e  no t  
included i n  f i g u r e  5 .  
The r e l a t i o n s h i p  of ozone t o  independent 
meteoro logica l  parameters ,  and meteoro logica l  
parameters  obtained by t h e  GASP systems shows 
t h a t  ozone i s  a t r a n s p o r t  dominated spec i e s  i n  
t h e  a l t i t u d e  range of t h e  GASP measurements. 
A s  an example, f i g u r e  6 shows t h e  d i f f e r e n c e s  
i n  t h e  v e r t i c a l  ozone p r o f i l e  which r e s u l t  
when t h e  d a t a  a r e  separa ted  based on wind 
cu rva tu re ,  a s  determined from t h e  wind f i e l d  
da t a  obta ined  by t h e  GASP systems (11). The 
d i f f e r e n c e  between t h e  d i s t r i b u t i o n s  f o r  
cyc lonic  and an t i -cyc lonic  cu rva tu re  seems 
unambiguous from 40 hPa below t o  40 hPa above 
t h e  t ropopause,  s i nce  t h e r e  i s  very l i t t l e  
over lap  i n  t h e  s tandard  d e v i a t i o n s  of t h e  two 
curves.  This  shows t h a t  s t r a t o s p h e r i c  a i r  i s  
i n j e c t e d  i n t o  t h e  t roposphere i n  l a rge - sca l e  
cyc lonic  systems. 
Figure 7 shows contours  of cons t an t  ozone 
mixing r a t i o  and p o t e n t i a l  v o r t i c i t y  f o r  t h e  
March 1975 and 1976 d a t a  ( 1 2 ) .  Note t h e  
apparent  i n t r u s i o n s  of s t r a t o s p h e r i c  ozone and 
p o t e n t i a l  v o r t i c i t y  below t h e  t ropopause nea r  
40 deg N .  The monthly mean va lues  of  ozone 
below t h e  tropopause ( f i g .  8 )  show an annual  
cyc l e .  The high springt ime l e v e l s  a r e  most 
l i k e l y  a  r e s u l t  of t r a n s p o r t  a s  shown by 
f i g u r e s  6 and 7. 
WATER VAPOR - Although t h e  GASP water  
vapor d a t a  a v a i l a b l e  t o  d a t e  a r e  l i m i t e d  by 
comparison wi th  t h e  ozone d a t a  base,  they  a r e  
s u f f i c i e n t  t o  suppor t  some pre l iminary  
s t a t i s t i c a l  ana ly se s .  Only t hose  d a t a  p o i n t s  
wi th  simultaneous measurements of water  vapor 
and ozone, and wi th  t h e  c loud  d e t e c t o r  
ope ra t i ng ,  were s e l e c t e d .  Also, i n  
r ecogn i t i on  of t h e  l i m i t a t i o n s  of t h e  response 
of t h e  water  vapor sensor  fol lowing 
s a t u r a t i o n ,  t h e  d a t a  s e t  was f u r t h e r  
r e s t r i c t e d  by d e l e t i n g  a l l  s a t u r a t e d  water  
vapor read ings  f o r  which no "time i n  c louds"  
was i nd i ca t ed .  
The d i s t r i b u t i o n s  of t h e  water  vapor and 
ozone d a t a  with r e s p e c t  t o  t h e  l o c a t i o n  of t h e  
NMC (Gustafson) t ropopause a r e  shown 
r e s p e c t i v e l y  by t h e  s o l i d  and long dashed 
l i n e s  i n  f i g u r e  9 a ) .  The s h o r t  dashed curve 
shows t h e  mean water  vapor s a t u r a t i o n  l e v e l  
c a l cu l a t ed  from t h e  s t a t i c  a i r  temperature f o r  
each observa t ion  i n  each p re s su re  i n t e r v a l .  
I n  t h e  t roposphere ,  ozone mixing r a t i o s  a r e  
low and nea r ly  c o n s t a n t ,  bu t  t h e  mean measured 
water  vapor mixing r a t i o  dec rea se s  r a p i d l y  a s  
t h e  tropopause i s  approached. The mean water  
vapor s a t u r a t i o n  l e v e l  d rops  r a p i d l y  i n  t h i s  
reg ion  a l s o ,  s i n c e  t h e  s t a t i c  a i r  temperature 
i s  decreas ing .  I n  t h e  s t r a to sphexe ,  ozone 
l e v e l s  r i s e  r a p i d l y .  Because t h e  a i r  
temperature i s  a l s o  r i s i n g ,  t h e  mean 
s a t u r a t i o n  water  vapor l e v e l  r i s e s .  In  
c o n t r a s t  t o  t h i s ,  t h e  measured water  vapor 
mixing r a t i o s  remain low and nea r ly  cons t an t .  
The d i s t r i b u t i o n  of  t h e  mean r e l a t i v e  
humidity i s  shown by t h e  s o l i d  curve  i n  f i g u r e  
9 b ) .  This  i s  n e a r l y  cons t an t  i n  t h e  
t roposphere ,  bu t  dec rea se s  r a p i d l y  above t h e  
t ropopause.  The curve marked ' S t  i n  t h e  
f i g u r e  shows t h e  pe rcen t  of  t h e  water  vapor 
read ings  which i nd i ca t ed  s a t u r a t i o n ,  and f o r  
which t h e r e  was a  s imultaneous i n d i c a t i o n  of 
t h e  presence of c louds .  The "time i n  clouds" 
d a t a  a r e  shown by t h e  long dashed curve .  
Tropospheric va lues  range from 5 t o  30 
pe rcen t ,  and a drop-off i n  c louds  is  apparent  
above t h e  t ropopause,  i n  good agreement wi th  
t h e  water  vapor d a t a .  
CONCLUDING REMARKS 
Analyses a r e  presen ted  which show t h a t :  
1). Mean ozone l e v e l s  from GASP 
obse rva t i ons ,  shown wi th  r e s p e c t  t o  month, 
l a t i t u d e ,  and p re s su re  i n t e r v a l  from t h e  
t ropopause,  a r e  c o n s i s t e n t  wi th  prev ious  
measurements, 
2 ) .  The n a t u r a l  v a r i a b i l i t y  of ozone i s  
very l a r g e  i n  t h e  a l t i t u d e  range of  t h e  GASP 
observa t ions ,  
3 ) .  Tropospheric ozone l e v e l s  show an 
annual cyc l e  w i t h  a  s p r i n g  maximum, which i s  
be l ieved  t o  r e s u l t  from t r a n s p o r t  from t h e  
s t r a t o s p h e r e ,  
4 ) .  Co r r e l a t i ons  of  ozone w i th  p o t e n t i a l  
v o r t i c i t y  and wind cu rva tu re  show t h a t  t h i s  
t r a n s p o r t  occurs  p r imar i l y  through 
cyc logenes i s  a t  m id - l a t i t udes ,  and 
5 ) .  Water vapor l e v e l s  decrease  r a p i d l y  
toward t h e  t ropopause,  and a r e  very  low i n  t h e  
s t r a to sphe re .  Co r r e l a t i ons  of s imultaneously 
acquired water  vapor ,  ozone, and cloud d a t a  
a r e  very good. 
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Figure 1. - Distr ibut ion of archived GASP data by  
month; March  1975 - December 1976. NMET = 
total number of observations; NO3 = number of 
ozone observations; NHZO = number of water 
vapor observations. 
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F i g u r e  2. - D i s t r i b u t i o n  of GASP ozone data by la t i tude and  a l t i t ude .  
Figure 3. - Latitudinal ozone distr ibut ion for March; 





Figure 4. - Bimonthly ozone distr ibut ion for 
37.5 - 47.5 N latitude: pressure altitude 
10.5 - 11.5 krn. 
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Figure 6. - Effect of wind curvature  o n  ozone d is t r i -  
bu t ion wi th  respect to NMC Fla t tery)  tropopause; 
spr ing 1975. 
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Figure 7, - Correlation of ozone with potential 
vorticity; March 1975 & 1976. 
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Figure 9. - Variation of water vapor, ozone, and clouds wi th  
respect to NMC (Gustafson) tropopause. 
Trends in Atmospheric Particulate Concentrations 
at a Location in the Northeast United Statest 
Robert M. Brown and S. SethuRaman 
Brookhaven National Laboratory 
Upton, New York 11 973 
ABSTRACT dur ing  t h e  62 c loud less  days analyzed. 
Real-time measurements of t o t a l  p a r t i c u l a t e  con- 
c e n t r a t i o n s  have been made cont inuously  dur ing  t h e  pas t  
two yea r s  t o  provide ae romet r i c  background informat ion 
f o r  c o r r e l a t i o n  wi th  meteorological  parameters.  The 
measurements were made t o  determine s h o r t  and long time 
v a r i a t i o n s ,  frequency d i s t r i b u t i o n s ,  e p i s o d i c a l  informa- 
t i o n ,  e f f e c t s  on s o l a r  r a d i a t i o n  and s p e c t r a l  a n a l y s i s  
t o  show important t ime h i s t o r i e s  i n  a  r u r a l  a r e a  nea r  
t h e  New York C i t y  me t ropo l i t an  region.  This  s tudy pro- 
v ides  use fu l  background da ta  f o r  a much l a r g e r  program 
r e l a t e d  t o  emission c o n t r o l  p r a c t i c e s  and t r ends  i n  a i r  
q u a l i t y  i n  t h e  Northeast  un i t ed  S t a t e s .  U l t ima te ly ,  
these  and d a t a  from o t h e r  s p e c i f i c  l o c a t i o n s  w i l l  be i n -  
corporated i n  models t o  d e s c r i b e  t h e  t r a n s p o r t  and t r a n s -  
formation of p a r t i c u l a t e  and gaseous concen t ra t ions  over 
r eg iona l  d i s t a n c e s .  
BACKGROUND 
Stud ies  of atmospheric d i f f u s i o n  involving reg iona l  
s c a l e  d i s t ances  have assumed n a t i o n a l  prominence s i n c e  
t h e  r ecen t  proclamation concerning t h e  probable inc rease  
use  of coa l  f o r  f u t u r e  energy u t i l i z a t i o n .  
The Department of Energy (DOE) supports  a  program 
c a l l e d  t h e  Mul t i -S ta t e  Atmospheric Power Product ion 
P o l l u t i o n  Study (MAP3S) t o  develop gu ide l ines  f o r  t h e  
most e f f i c i e n t  management of p o l l u t a n t  emissions from 
e x i s t i n g  and proposed new sources .  
One goa l  of t h e  MAP% program i s  t o  determine shor t  
and long term t r ends  i n  urban and r u r a l  atmospheric 
background l e v e l s  of p o l l u t i n g  substances  i n  t h e  North- 
e a s t  United S t a t e s .  For t h e  p a s t  two yea r s ,  r e a l - t i m e  
measurements of t o t a l  p a r t i c u l a t e  concen t ra t ions  have 
been made cont inuously  a t  Brookhaven Nat ional  Laboratory 
t o  provide aerornetric background informat ion f o r  co r re -  
l a t i o n  wi th  meteorological  parameters and t o  compare 
them with  s i m i l a r  r e s u l t s  taken i n  t h e  New York Ci ty  
me t ropo l i t an  region.  The measurements have been used 
t o  determine concen t ra t ion  v a r i a t i o n s ,  frequency d i s t -  
r i b u t i o n s ,  e p i s o d i c a l  informat ion,  e f f e c t s  on s o l a r  rad-  
i a t i o n  and s p e c t r a l  a n a l y s i s  t o  show the  most important 
time h i s t o r y  of t h e  concen t ra t ion  va lues .  
This  r e p o r t  w i l l  provide some informat ion on a l l  
t h e  a r e a s  mentioned but w i l l  concen t ra t e  on t h r e e  spec- 
i f i c  ones. The f i r s t  i s  a seasonal  v a r i a t i o n  comparison 
between measurements taken a t  f i v e  loca t ions  i n  t h e  Man- 
h a t t a n  a r e a  of New York C i t y  and those  made 100 k i l o -  
meters  e a s t  of i t .  The second a r e a  t o  be discussed w i l l  
concern p a r t i c l e  concen t ra t ion  measurements and t h e i r  
v a r i a t i o n  dur ing atmospheric s t a g n a t i o n  per iods .  It 
w i l l  h i g h l i g h t  t h e  values  found dur ing t h e  a i r  mass 
s t agna t ion  time s c a l e s .  A i r  mass p a r t i c l e  concen t ra t ions  
inc rease  dur ing  s t agna t ion  per iods  due t o  r e c i r c u l a t i o n  
w i t h i n  t h e  a i r  mass and capping mixing l e v e l s ,  Wind 
d i r e c t i o n ,  wind speed, temperature ,  humidi ty ,  e t c .  have 
l i t t l e  e f f e c t  on s t agna t ion  concen t ra t ions .  The t h i r d  
a r e a  t o  be r epor ted  on involves  t h e  e f f e c t  of t o t a l  sus-  
pended p a r t i c l e  concen t ra t ions  on t o t a l  incoming s o l a r  
r a d i a t i o n .  Analysis  of t h e  two-year measurements shows 
a  n e a r - l i n e a r  decrease  i n  s o l a r  energy received a t  t h e  
e a r t h ' s  su r face  wi th  inc reas ing  p a r t i c l e  concen t ra t ion  
CONCENTRATION VARIATION 
An I n t e g r a t i n g  Nephelometer (Model 1550) has  been 
i n  continuous opera t ion  s i n c e  l a t e  1974 on t o p  of t h e  
125 meter meteorological  tower a t  Brookhaven. F igure  
1 shows t h e  genera l  loca t ion  of t h e  s i t e  wi th  a  con- 
c e n t r a t i o n  rose  superimposed upon i t .  The r i n g s  on 
t h e  rose  r ep resen t  yea r ly  concen t ra t ion  averages f o r  
1975 i n  micrograms pe r  cubic  meter (pg/m3) and t h e  
l i n e s  r ep resen t  t h e  wind d i r e c t i o n  a s s o c i a t e d  wi th  
those  concen t ra t ion  va lues .  There a r e  s l i g h t  v a r i a -  
t i o n s  i n  concen t ra t ion  values  except when the wind 
d i r e c t i o n  i s  south t o  west where prominent values  a r e  
seen.  The reason f o r  t h e  h igher  values  from t h e  west 
t o  south i s  q u i t e  evident  from t h e  l o c a t i o n  of high 
p o l l u t i o n  sources  i n  t h e  me t ropo l i t an  r eg ions  of New 
York C i t y  and t h e  t r a n s p o r t  of source  m a t e r i a l  t o  t h e  
measuring s i t e .  The rose  f o r  1976 i s  s i m i l a r ;  however, 
t h e  concen t ra t ion  values  a r e  somewhat h igher .  
KILOMETERS 
N,E L 
I I I 
74" 73" 72" 7 1' 70" 
Fig .  1. - Map showing t h e  l o c a t i o n  of t h e  measuring 
s i t e  and a  r o s e  d e p i c t i n g  p a r t i c l e  concen t ra t ion  i n  
pg/m3 a s  a  func t ion  of wind d i r e c t i o n .  
The continuous measurements a r e  recorded on a n  
Esterline-Angus recorde r  i n  t h e  main meteorology b u i l d -  
i n g  so  minute-to-minute recordings  can be observed and 
analyzed. Rather sharp changes have been measured over 
s h o r t  t imes dur ing  cold  f r o n t a l  passages ,  r a i n  showers, 
s e a  breeze wind s h i f t s  and wind d i r e c t i o n  s h i f t s  from 
most any d i r e c t i o n  t o  southwest t o  west.  F igure  2 
shows a  t y p i c a l  sudden ( t e n  minutes) dec rease  i n  con- 
c e n t r a t i o n  va lues  due t o  an i n t e n s e  r a i n  shower. I t  
i s  a  good i l l u s t r a t i o n  of p r e c i p i t a t i o n  scavanging. 
S imi la r  s h o r t  term (minute) v a r i a t i o n s  have been r e -  
corded a s  w e l l  a s  d a i l y ,  weekly, and monthly d i scon t -  
i n u i t i e s .  
Hourly mean concen t ra t ion  values  have been reduced 
from t h e  recordings  and put  on punched ca rds .  Some 
computations have been made and t h e  d a t a  i s  a v a i l a b l e  
on magnetic t a p e  f o r  f u r t h e r  s t u d i e s .  
COMPARISON 
The Ci ty  of New York Department of A i r  Resources 
use  high volume a i r  sampler d a t a  t o  compute q u a r t e r l y  
va lues  of t o t a l  suspended p a r t i c u l a t e  m a t t e r  i n  s e v e r a l  
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Global Sensing of Gaseous and Aerosol Trace 
Species Using Automated Instrumentation on 747 
Airliners 
i d e n t i m  the  source of the a i r  mass a s  be ing  t y p i c a l l y  
P. J. Perkins and L. C. Papathakos 
NASA Lewis Research Center 
Cleveland, Ohio 441 35 
- - -  
t ropospheric  o r  s t r a t  ~ s p h e r i c ,  Quantat ive i n f  orma- 
t ion on the  t ropospheric  - s t ra tospher ic  exchange pro-  
cesses  when appl ied t o  s imulat ion models of t h e  
atmosphere provides a b e t t e r  understanding of the  
ABSTRACT impact of po l lu t ion  on t h e  atmosphere. 
The Global Atmospheric Sampling Program (GASP) 
operated by NASA i s  c o l l e c t i n g  and analyzing da ta  on 
gaseous and a e r o s o l  t r a c e  species  i n  the  upper t ropo-  
sphere and lower s t ra tosphere .  Measurements a r e  
obtained frcm automated systems i n s t a l l e d  on four  747 
a i r l i n e r s  f l y i n g  g l o b a l  a i r  rou tes .  Since the  i n t r o -  
duct ion of t h i s  program i n  1975, advances have been 
made i n  a i rborne sampling instrumentat ion,  Improved 
instruments and a n a l y s i s  techniques a re  providing an 
expanding d a t a  base f o r  t r a c e  species  including ozone, 
carbon monoxide, water vapor, condensat ion nuc le i  and 
mass concentrat ions of s u l f a t e s  and n i t r a t e s .  Simul- 
taneous measurements of s e v e r a l  t r a c e  species  obtained 
f requen t ly  can be used t o  uniquely i d e n t i f y  the  
source of the  a i r  mass a s  being t y p i c a l l y  t ropospheric  
or  s t r a t o s p h e r i c  . A q u a n t i t a t i v e  understanding of t h e  
t ropospheric  - s t ra tospher ic  exchange processes l eads  
t o  b e t t e r  knowledge of the  atmospheric impact of 
po l lu t ion  through t h e  development of improved s imula - 
t i o n  models of t h e  atmosphere. 
AUTOMATED A I R  SAMPLING SYSTEMS i n s t a l l e d  on four  
747 a i r l i n e r s  were reported a t  the  Third Conference 
on Environmental Sensing when these  systems f i r s t  
became opera t iona l  i n  1975 (1)*. Since t h a t  time 
improved instrumentat ion has been added. This paper 
descr ibes  t h i s  improved instrumentat ion and presen t s  
some i n - f l i g h t  measurements which i l l u s t r a t e  the  
ranges and i n t e r - r e l a t i o n s h i p s  of t h e  d a t a  from these  
instruments.  Brief  desc r ip t ions  of the  NASA Global 
Atmospheric Sampling F'rograrn (GASP), and t h e  a i r -  
borne system i n  which t h i s  instrumentat ion i s  used 
a r e  a l s o  included.  
A i r  sample measurements have or  w i l l  include the  
concentrat ions of ozone, carbon monoxide, water vapor, 
n i t r i c  oxide, and chlorofluoromethanes . I n  a d d i t  ion 
t o  these  gases ,  t h e  number dens i ty  of condensation 
n u c l e i  and t h e  concentrat ions of s u l f a t e s  and n i t r a t e s  
a r e  a l s o  measured. During the  i n i t i a l  two years  of 
operat ion,  a l a rge  da ta  base on atmospheric ozone 
concentrat ions a t  a i r l i n e  c ru i se  a l t i t u d e s  has been 
obtained. The other  a i r  sample measurements have 
required a more extensive development e f f o r t  f o r  a i r  
borne use.  Data bases  f o r  these  t r a c e  species  a r e  
beginning t o  evolve. 
The GASP e f f o r t  was i n i t i a t e d  t o  provide b a s e l i n e  
information on atmospheric cons t i tuen t s  which could be 
used with other  da ta  s e t s  and with computer models 
t o  a s s e s s  t h e  e f f e c t s  of a i r c r a f t  exhaust emissions 
on t h e  upper atmosphere. This  assessment e f f o r t  was 
prompted by s tud ies  conducted s e v e r a l  years  ago (2) 
(3). The r e s u l t s  of a more recent  s tudy (4) p r e d i c t  
a l e s s e r  e f f e c t  of a i r c r a f t  emissions on atmospheric 
ozone. Nevertheless,  t h i s  l a t t e r  study does recom- 
mend and suggest continued research i n  c e r t a i n  pro- 
blem a r e a s ,  including s t u d i e s  of t h e  dynamics i n  the  
region of p r i n c i p a l  a i r c r a f t  t r a f f i c .  It a l s o  recom- 
mends the  simultaneous measurement of the  concentra - 
t i o n s  of t h e  severa l  species  c r i t i c a l  t o  ozone de- 
s t r u c t  ion.  Apart from the  ozone problem , s imultane - 
ous measurements of severa l  t r a c e  species  can uniquely 
*Numbers i n  parentheses  designate  references a t  t h e  
end of paper. 
PROGRAM DESCRIPTION 
The a i r l i n e s  t h a t  a r e  p resen t ly  p a r t i c i p a t i n g  i n  
GASP i n  t h i s  g loba l  s tudy a re  shown i n  f i g u r e  1. 
This f igure  shows 747's of United A i r l i n e s ,  Pan Am, 
Qantas  Airways of A u s t r a l i a ,  and another  Pan Am 
747-SP (a new long range, higher a l t i t u d e  S p e c i a l  
Performance vers ion of the  747). These a i r l i n e s  
were chosen t o  provide coverage of major g l o b a l  a i r  
rou tes ,  a s  shown i n  f igure  2 .  The NASA Conva i r -99  
f l y i n g  l abora to ry  i s  a l s o  equipped wi th  a GASP system. 
The CV-990 i s  used t o  survey o f f - a i r l i n e  r o u t e s .  A 
r e c e n t l y  completed l a t i t u d e  survey mission over t h e  
P a c i f i c  (5) i s  one example. 
United A i r l i n e s  f l i e s  p r i n c i p a l l y  over t h e  United 
S t a t e s ,  coast  t o  coast  and t o  Hawaii. Pan Am f l i e s  
around t h e  world and t o  South America. Qantas, based 
i n  Sydney, f l i e s  f requen t ly  t o  Europe and t o  t h e  
West Coast of t h e  United S t a t e s .  
GASP a i r  cons t i tuen t  measurements and supplemental 
da ta  a r e  l i s t e d  i n  Table T. Ozone, water vapor, 
n i t r i c  oxide and carbon monoxide a r e  measured with 
i n - s i t u  instruments .  Chlorof luoromethane s and o ther  
t r a c e  species  can be obtained from labora to ry  analyses  
of b o t t l e  samples captured i n  f l i g h t .  The number 
d e n s i t y  of p a r t i c l e s  g r e a t e r  than 0.3 micrometer d i a .  
measured with t h e  l i g h t  - s c a t t e r i n g  technique,  and 
smaller  p a r t i c l e s  c a l l e d  condensat ion  n u c l e i  measured 
with t h e  cloud-chamber technique,  a r e  a l s o  i n - s i t u  
measurements. Mass concentrat ions of s u l f a t e s  and 
n i t r a t e s  a r e  determined from labora to ry  a n a l y s i s  of 
f i l t e r  paper samples exposed i n  f l i g h t .  
A t  t h e  time of each a i r  cons t i tuen t  measurement, 
c e r t a i n  supplemental da ta  a r e  recorded  able I) . 
Time and pos i t ion  of t h e  a i r c r a f t ,  i t s  a l t i t u d e ,  
speed, and d i r e c t i o n  pinpoint  each a i r  c o n s t i t u e n t  
measurement. Data r e l a t e d  t o  meteorology a r e  a l s o  
t aken ,  A i r  temperature, hor izon ta l  wind d i r e c t i o n  
and v e l o c i t y ,  and an i n d i c a t i o n  of turbulence a s  
measured by  t h e  v e r t i c a l  a c c e l e r a t i o n  a r e  recorded.  
The l i g h t - s c a t t e r i n g  instrument f o r  measuring t h e  
l a r g e r  p a r t i c l e  s i z e s  a l s o  responds t o  t h e  presence 
of clouds i n  the f l i g h t  pa th  a s  determined during 
f l i g h t  t e s t s .  
Each GASP-equipped a i r c r a f t  f l i e s  about 10 hours 
j>er day, f o r  a t o t a l  of about 8700 km (5400 mi les )  
each day or  about 13 m i l l i o n  km (8 m i l l i o n  miles)  pe r  
year  f o r  t h e  four  747 's .  A d a t a  s e t  i s  recorded 
every 5 minutes o r  about every 72 km (45 mi les ) .  
F i e l d  se rv ice  of t h e  GASP equipment and necessary 
support b y  the  a i r l i n e s  a r e  managed b y  United A i r -  
l i n e s  Engineering Group under con t rac t  t o  KASA Lewis. 
GASP d a t a  r e t r i e v e d  by  a i r l i n e  personnel  from t h e  
a i r c r a f t  a r e  sent  t o  NASA Lewis f o r  processing and 
f i n a l l y ,  a r e  t r ansmi t t ed  t o  t h e  u s e r s  f o r  d e t a i l e d  
a n a l y s i s .  
The da ta  preparat ion begins  with the  rou t ine  s e r -  
v i c e  check of the  GASP system on t h e  a i r c r a f t  and t h e  
removal of t h e  da ta  recorded on a t ape  c a s s e t t e .  The 
information on t h e  c a s s e t t e  i s  t r ansc r ibed  onto 
computer-cmpatible tape by  United A i r l i n e s .  NASA 
Lewis then does t h e  d a t a  reduct ion and prel iminary 
a n a l y s i s .  The tropopause pressure f i e l d s  from t h e  
Nat iona l  Meteorological Center and the  r e s u l t s  of t h e  
b c t t l e  samples and f i l t e r  sample analyses a r e  added 
t o  the  f i n a l  data  tape a s  p a r t  of t h e  da ta  reduct ion 
process. While the  f i n a l  tape i s  being prepared a t  
NASA Lewis, a report  i s  w r i t t e n  describing t h e  a v a i l a -  
b i l i t y  of t h e  d a t a  and some of t h e i r  s e l e c t e d  high- 
i i g h t s .  As a l a s t  s tep ,  t h e  prepared tape i s  sent 
t o  the National Climatic Center f o r  archiving and t o  
KASA contractors  f o r  d e t a i l e d  analyses.  The a v a i l a -  
b i l i t y  report  i s  mailed t o  members of the  s c i e n t i f i c  
community concerned with t h e  atmosphere. 
AIFE ORTSE SYSTEM DESCRIPTION 
Location of the GASP equipment i n  the  747's  i s  
shown i n  f igure  3. The i n s t a l l a t i o n  i s  near  the  nose 
below t h e  passenger deck. Two a i r  sample i n l e t s  
mounted. in a s ing le  s t r u t  sample bo th  gases and p a r t i -  
cu la tes  outside of t h e  a i r c r a f t ' s  boundary l a y e r  very 
near t h e  nose. h e  of t h e  i n l e t s  i s  designed f o r  
i s c k i n e t i c  sampling f o r  measuring p a r t i c l e  number 
dens i ty .  Both i n l e t s  a r e  capped when a i r  samples a re  
nc t  being taken.  
A i r  flows f r m  the  i n l e t  i n  a 25.4. mm (1-incn) 
diameter tube a f t  t o  t h e  instruments where pressur iza -  
t i o n  i s  required f o r  ozone and carbon monoxide measure 
ments. A rack mounted t o  the  airframe holds most of 
t h e  GASP instruments, a s  shown i n  f igure  3. The i n -  
s t r m e n t a  a r e  packaged i n  s tandard a i r l i n e  avionics  
cases. A i r  is a l s o  ducted i n  a 76 mm (3-inch) cia- 
meter tube from the i n l e t  t o  the  other  s ide  of the  
a i r c r a f t ,  where a mechanism i s  loca ted  f o r  exposing 
t h e  p a r t i c l e  f i l t e r  papers .  This mechanism i s  s i n i l a r  
t o  a s l i d e  p ro jec tor  and holds e igh t  f i l t e r s  t h a t  a re  
exposed individual ly a t  p rese lec ted  i n t e r v a l s .  Two 
of tne four  747's a r e  equipped with the  p a r t i c l e  
f i l t e r  system. 
GASP system cont ro l  and da ta  management and 
acquis i t ion  a r e  performed by t h r e e  separate  u n i t s .  
A u t m a t i c  con t ro l  of a l l  system operat ions and manage- 
ment of a l l  data  a re  funct ions of a data  msnagment and 
cont ro l  u n i t .  This u n i t  contains a small special-pur-  
pose computer preprogrammed t o  respond t c  independent 
e i r c r a f t  inputs  and t o  operate t h e  instruments. Most 
of the  da ta  a r e  acquired by the  second u n i t  which i s  
2 ccnventional a i r l i n e  f l i g h t  da ta  acquis i t ion  wit. 
Data from t r e  GASP instruments and other  p a r t s  of t h e  
system, a s  well  a s  from t h e  a i r c r a f t  s y s t e m ,  flow t o  
t h i s  u n i t .  Pos i t ion  and hor izon ta l  wind data  cane 
from t h e  a i r c r a f t ' s  i n e r t i a l  navigation system. A 1 1  
da ta  a r e  recorded on magnetic tape contained i n  t h e  
t h i r d  u n i t  which i s  a d i g i t a l  a i rborne recorder .  The 
tape casse t tes  from the  recorder  a r e  rcplaced about 
every two weeks. 
Tota l  weight of t h e  i n s t a l l e d  system i s  about 
380 kg. A l l  equipment meets FAA c e r t i f i c a t i o n  r e -  
quirements, and the  e n t i r e  i n s t a l l e d  system was 
f l i g h t  t e s t e d  during a s p e c i a l  f l i g h t  following which 
a Supplemental Type C e r t i f i c a t e  (STC) of airworthiness  
was issued f o r  the  GASP system. Operation i s  com- 
p l c t e w  automatic, requ i r ing  no a t t e n t i o n  by the f l i g h t  
crews. A more complete descr ip t ion  of t h e  operation 
of t h e  airborne atmospheric sampling system i s  given 
i n  reference 1. 
INSTRUIrnTAT ION 
The GASP i n - s i t u  measuring instruments, t h e i r  
operating p r i n c i p l e s ,  and range a re  l i s t e d  i n  Table T I .  
These a r e  b a s i c a l l y  l abora tory  instruments with s i g n i  - 
fican-l range improvements and modifications t o  operate 
i n  a coanercial  a i r l i n e  environment. Such modifica- 
t i o n s  involve packaging t o  a i r l i n e  spec i f ica t ions  and 
t h e  a b i l i t y  t o  withstand a high use f a c t o r .  Figure 4 
i l l u s t r a t e s  a GASP instrument packaged t o  a i r l i n e  
standards. Two conventional a i r l i n e  avionics  cases 
a r e  used i n  packaging t h e  carbon monoxide instrument 
a s  shown. Other instruments can be contained i n  only 
one a i r l i n e  type case.  size and weight of each 
avionics  case a re  held t o  a minimum f o r  convenience 
in nandling . 
Exis t ing  comneri-a1 instruments used t o  measure 
carbon monoxide, oxides of n i t rogen ,  and condensation 
nuc le i  were s i g n i f i c a n t l y  improved t o  measure the  
very  lo?? concentrat ions i n  t h e  upper atmosphere. De- 
s c r i p t i o n s  cf  these  instruments fol lows.  
CARBON MO!TOX3E - A modified Non -Dispersive In  - 
f r a r e d  Absorption analyzer  i s  used t o  measure CO. 
I n  t h B  +pstrume@ f l ~ o r e s c e n c e  from two isotopes of 
CO (C 0- and C 0 ) i s  used a s  t h e  source of 
i n f r a r e d  energy. The two IR r a d i a t i o n  spec t ra  a r e  
a z t e l y  allowed t o  e n t e r  t h e  sample chamber. The 
,2'EB i~ t h e  eir15arpgle ($3.8 of a l l  n a t u r a l l y  
occurring 20 i s  C 0 ) will13bf~rb t h i s  common i s o -  
tops r a d i a t i o n  bu t  not t h e  C 0 r a d i a t i o n .  The 
r a t i o  cf these  two s i g n a l s  from an TR de tec tor  i s  a 
rreasure cf' the  :C concentrat ion i n  t h e  sample chamber. 
The c r i g i n a l  :O analyzer  using t h e  dua l  isotope 
f lucrescence technique had a f u l l  scale  range of 20 
p a r t s  per a i l l i o n  (ppm). Modifications t o  provide 
t h e  s e n s i t i v i t y  needed f o r  GASP included an increase 
i n  the  c p t i c a l  ga th  leng th  t o  10 meters, s p e c i a l  r e -  
f l e  c t ive  o p t i c s ,  and a d d i t i o n a l  e l e c t r o n i c  gain. 
These inprovements provided a 1 ppm f u l l  scale  s e n s t i -  
v i t y  with e l i m i t  of d e t e c t a b i l i t y  Of 0.02 ppm Of CO. 
I n - f l i g h t  checks on t h i s  instrument include a 
zero reaaing (sam?le i s  passed through a c a t a l y t i c  CO 
szrubber) and an e l e c t r o n i c  gain check. These checks 
a r e  automaticalLy sequenced wi th  atmospheric CO mea- 
surements by t h e  on-b oard GASP programmer 
COFfDZNBATIOIQ' bUCLEI - This instrument measures the  
number concentrat ion of very small  a i rborne p a r t i c l e s  
(nuclei)  on which water vapor condenses i n  a cloud 
c:lambe?. The z t tenua t ion  of a l i g h t  beam by t h e  
cloud i n  t h e  c h a ~ ~ b e r  i s  a measure of the  number con- 
cen t ra t ion .  The minimum de tec tab le  l i m i t  f o r  t h i s  
instrument 1.s extended from 300 n u c l e i  per  cc t o  
30 c u c l e i  per cc. This was achieved by improved 
s e n s i t i v i t y  and. a b u i l t  i n  p ressur iza t ion  system with 
a pressure r a t i o  of approximately 4 t o  1 t o  concen- 
t r s t e  the san2le.  A simple a i r  p i s ton  consis t ing of 
a 3 n e t e r  lengbh or" 1.1 cm I . D .  tubing i s  used f o r  t h e  
ges p ressur ize t ion  system. A low pressure a i r  sample 
frm outside t h e  a i r c r e f t  i s  drawn i n t o  one end of 
tube ,  pressurized a i r c r a f t  cabin a i r  f i l t e r e d  f r e e  
of n u c l e i  is  introduzed i n t o  the  other  end of the  
tube behinc t h e  low pressure a i r  sample, thus  com- 
pressing it. The pressurized a i r  sample i s  drawn from 
t h o  o r i g i n a l  i n l c t  2nd i n t o  t h e  cloud chamber of t h e  
instrument. Vith an appropriate  sequence of valving 
t h i s  p ressur iza t ion  system can be used f o r  sampling 
a i r  f l m  r a t e s  of 5 t o  50 cc/scc. I n - f l i g h t  checks 
on t h i s  instrument include a zero (using a f i l t e r e d  
sample) and a check of the  e l e c t r o n i c  ga in .  
B T T R i C  OXTEE - A very high s e n s i t i v i t y  chemilu- 
minescent m a l y z e r  i s  used t o  measure n j t r i r  oxide. 
The very  high sensLt iv i ty  i s  achieved, i n  p a r t ,  by 
using a nigh sample flow r a t e  (500 s t d  cc/sec) ,  a 
s p e c i s l  technique f o r  an i n - f l i g h t  zero measurement, 
and a n i t r i c  oxide c a l i b r a t i o n  gas r a r r i e d  with t h e  
instrunent  f o r  a span measurement. The instrument 
a l s o  contains an ozone generator  of t h e  s i l e n t  d i s -  
charge type. This i s  a modification of the  previously 
devtloped high s e n s i t i v i t y  instrument which used a 
b o t t l e d  ozone mixture ins tead  of an ozone generator 
(6) . The s e l f  -contained ozone generator  i s  necessary 
f o r  t h e  GASP f i e l d  service frequency of every 2 weeks, 
since an ozone mixture in a b o t t l e  of p rac t icab le  
s ize  would need more frequent  replacement. The CUE- 
p l e t e  instrument i s  hcused i n  two a i r l i n e  avionics  
cases.  F l i g h t  test:: of the  in::trment have bcen cunl- 
p le ted  and. i n s t a l l x t i o n  on .lne 747 a i r c r a f t  are  
scheiluletl f o r  oar'Ly 1970. 
CONCENTRATIONS OF SULFATES -ANC NITRATE - T k s e  
measuremenl:: a.re rnndc by Izbburcitorjl ana lys i s  of f i l t e r  
elements cxpclsed e a r l i e r  i n - f l i g h t  and returned t o  
NASA. A f i l t e r  element i s  autornati:alLy ixii?.~erted i n t c  
thc  '(6mm diameter a i r  sampling duct f c r  two hour:; aid 
retrcrctcd i n t o  a magazine b y  an ac tua tor  as.se&qr 
developed a t  NASA. Airflow through t h e  d i l t e r  during 
exposure i s  measured by a v e n t u r i  u n i t .  Each T i l t e ?  
(TPC ce l lu lose  f i b e r )  i s  enclosej.  i n  ;-t s t a i n l s s s - s t e e l  
ho1.der wi le r  c lean roan conclitions t o  minLmize contazi- 
na t ion .  F i l t e r  eletrients a r e  assembled i n  an e igh t  
u n i t  replaceable holder magazine thus allowing severa l  
f i l t e r  exposures between f i e l d  s e r v i e  periods f o r  
the  GASP system. 
Since general ly  l e s s  than  30 micrograms of any 
one i o n i c  cons t i tuen t  i s  co l lec ted  on an  expose^ f i l t e r  
element, very s e n s i t i v e  rnet hods of laboratory ana lys i s  
a r e  required.  Ion chromatography i s  used t o  rr-eft t h i s  
requirement. Clean room procedures and f i l t e r s  t h a t  
a r e  c a r e f u l l y  p u r i f i e d  p r i o r  t o  exFcsuze a re  necessary 
t o  u t i l i z e  t h e  high s e n s i t i v i t y  of tne  ion ckrorr-ato- 
graphy- ana lys i s  method. A more de ta i led  descr ip t ion  
of t h i s  method i s  given i n  reference 7. 
OZONE, WATER VAPOR, M E  PARTICLES - Cizcne has not 
presented a measurement problem althcugn tr~uch care i s  
needed t o  provide accurate  r e s u l t s .  Xater vaFcr vas 
i n i t i a l l y  measured with an elurninurn czide senss r .  Ex- 
cessive time response t o  changes in  temperature 
humidity ( p a r t i c u l a r l y  from s. sa tura ted  t c  an unsaiuza 
t e d  condition) l imi ted  the  emcunt of v a l i d  data  ob- 
t a i n e d  with t h i s  type sensor .  Tnerefore, t h i s  i n s t r u -  
ment has been replaced with a cooled-mirrcr f r o s t  
point  hygrometer having a t h r e e  stngc ttlcrmoelt?ctrir: 
cooler .  %'ligiit  t e s t s  h w c  ::how b c t t c r  c;gcratbg 
c h a r a c t e r i s t i c s  and a fa::ter 'time response. m s t a l l a -  
t i o n  of t h i s  sensor on a l l  GASP eiluippecl 747 aircrai ' t  
w i l l  be complete by 'Lhe end or  lcR7. Aerc:;cl p a r t i -  
c l c s  grciitcr than 0.3 micrometers i n  d i a .  have been 
measured with a l i g h t  s c a t t e r i n g  t j 7 e  senscr .  Experi- 
ence wi th  t h i s  instrument has sho-urn a l a rge  v a r i a b i l i t y  
of number dens i ty  and s ize  d. is t r ibut ion.  Laboratory 
cal . tbrat ions of t h e  instrument have re-,waled a l a rge  
uncer ta in ty  in t h e  absolute  measurement cf' nunber 
dens i ty  a s  wel l  a s  s izc  d i s t r ibu t ion .  An irn3rovcd i n -  
strument i s  being inves t iga ted .  F l igh t  t e s t  e x p e r i e n ~  
with t h i s  instrument indicated,  .ioTdever, t h a t  f l i g h t  
through a cloud r e s u l t e d  i n  a > a r t i c l e  s ize  d i s t r i b u -  
t i o n  t h a t  i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of a 
c l e a r  a i r  sample, mainly in the  t d a l  c m n t  of the  
l a r g e s t  s ize  p a r t i c l e s .  A simple cloud de tec tor  i s  
there f  ore obtained by observing t h e  caimting r e t e  of 
t h e  l a r g e s t  s i z e  p a r t i c l e s .  
TYPICAL FLIGW MEASUREbElVTS 
Examples of GASP atmospheric measurements taken 
simultaneously with i n - s i t u  instruments a r e  s h a m  i n  
f i g u r e s  5 and 6 .  These data  were obtained on the  GAS? 
equipped UAL 747 a i r l i n e r  where a data  s e t  i s  normzlly 
recorded every f i v e  minutes. 
Simultaneous measurements of ozone, carbon mop - 
oxide, condensation nuc le i ,  a i r  temperature, and. 
a l t i t u d e  a r e  p l o t t e d  against  longitude i n  f igure  5 f c r  
a f l i g h t  from Los Angeles t o  IIonolulu. Ozone values 
w d e r  150 p a r t s  per  b i l l i o n  by volume (ppbv) s h a m  ir. 
f igure  5 a r e  ind ica t ive  of f l i g h t  i n  t h e  troposphere. 
Carbon monoxide concentrations between 100 and 230 ppb-r 
a r e  a l s o  c h a r a c t e r i s t i c  of u p e r  al . t i tude t roposnheric  
a i r .  Condensation nucl.ci number d e n s i t i p s ,  skown 
und.cr 300 per c c ,  a r c  rc l . a t ive ly  lm7 cmparcrl t o  
grownd l c v c l  mcasurcmcnts rlcmonstrattnp; t h c  requiremen? 
f o r  t h e  ixprcvcmcnts t o  :,he minimum de tec tab le  l i m i t  
f o r  tci:: instrum-nt. Somi:whxL hi g11.er va luas  a1.e noted 
on ascefit from 6 lm t o  rrui-se a l t i t u d e .  
Ozone vnl.ure over 800 p;)b v shown i n  f i g u r e  6 a r e  
in l i< :a l ; iw of Y i g h t  i n  t h e  stratosphere. These were 
en?oufli;ered during ? : ' l ight from S e a t t l e  t o  Chicago. 
Cnrbol? rcnoxldt  v a l u ~ s  :?.re Lower than those  measured 
i n  t h c  troposphere sho*~n i n  i ' ieme 5 .  Values a re  i n  
t h s  0r-li.r o r  50 ppb v ,  ~rrhicn i s  cons i s ten t  wjth p re -  
v i o u ~  m.:asurcmcnts (E) . Thls demonstrates t h e  need 
f o r  a Icic c l t e c t ~ b l e  l i m i t  and high s e n s i t i v i t y  f o r  
tkiis instrument e l s o .  During descent ( f i g u r e  6) t h e  
r a p i d  decrease i n  ozone and increase i n  carbon mon- 
c,xiid Cn?icates t h a t  t h e  a i r l i n e r  passed from the  
s t ratos3here i n t o  the  tro2osphere before t h c  GASP 
system sb;t rloiw. 
S i r r u l t s n e o ~ . ~  r easurements oS severa l  t r a c e  spec- 
i e s  a s  sho-rvn i n  these Zigures can be used t o  uniquely 
determine tk: source o? t h e  a i r  mass, a s  be ing  typical- 
ly tropcspheric  oz s t r a t o s ~ n e r i c .  A q u a n t i t a t i v e  un- 
standing of t h e  tropospheri,:-stratospheric exchange 
precesses is required f o r  de-reloprr-ent of improved 
sirnulatlon models of t h e  atmcsphere and thereby  a b e t -  
t e r  kncwledge of the im2act cf  po l lu t ion  on t h e  atmo- 
sphere. 
"nsiderable effor; has been required t o  develop 
a i r3crne  en-rironmental instrumentat ion s u i t a b l e  f o r  
z t o r n a t i c  unattcndcci operat ian on commercial a i r l i n e r s .  
Exis t ing  laboratory ;ype environmental measuring 
techniques were signi5'"icantly modified t o  measure t h e  
very  low o a c e n t r e t i o n s  of t r a c e  species  i n  t h e  upper 
etnlcsphere . 
A car7uori rr~orioxide analyzer  of t h e  d u a l  isotope 
f1ucrcs:cncc type with an o r i g i n a l  f u l l  s c a l e  range 
of PC :'p;n u t ta incd  E g r e a t l y  improved s e n s i t i v i t y  with 
e reduced f u l l  S C C ~ C  range of 1 . 0  ppm. With t h i s  
scnsitivi.l;y anE an i r ~ p r o ~ e d  l i m i t  of d e t e c t a b i 1 i . L ~  of 
0.02 ppm, values i n  the order of 0.05 ppm were mea- 
sured in t h e  s t ra tosphere .  Improvements t o  t h ~  con- 
6.enss.tim n u c l e i  instrument hava r e s u l t e d  i n  a t e n  
f o l d  de,:rease i n  thi2 minimum detectable  l i n i i t  f o r  
measurement of very s m ~ f l  a irborne p a r t i c l e s .  A high 
sans i t iv j . ty  chemilunincsccnt n i t r i c  oxide analyzer  has 
been ~ c q u i r e d ,  f l i g h t  t e s t e d ,  and i s  scheduled f o r  
z:quir.ing da ta  on the 71.7 a i r l i n e r s  i n  e a r l y  1978. 
Simultaneous measurements of s e v e r a l  t r a c e  species  
i n  " l igh t  a t  c ru i se  a l t i t u d e s  a i d  i n  i d e n t i f y t n g  t r o -  
pos3heric or s t r e t o s p h e r i c  a i r  masses, which can lead  
t o  quantat ive inforrnafion on t ropospher ic - s t ra tospher -  
i c  exchanse processes .  
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OZONE 
TABLE 11. 
G A S P  M E A S U R I N G  I N S T R U M E N T S  
ULTRAVIOLET ABSORPTION PHOTOMETER 
RANGE 3 ppb TO 2 0  ppm 
W A K R  VAPOR COOLED MIRROR HYGROMETER 
DEW-FROST POINT RANGE -80' TO +Zoo C 
CARBON MONOXIDE INFRARED ABSORPTION ANALYZER 
RANGE 0.02 TO 1 ppm 
NlTRIC OXIDE CHEMILUMINESCENT ANALYZER 
RANGE 0.05 TO 10 ppb 
PARTICLES (D > 0.3 pm) LIGHT SCAlTERlNG SENSOR 
CONDENSATION NUCLEI CLOUD CHAMBER 
MIN. CONCENTRATION 301cm3 
C S - 7 7 - 4 0 6  
TABLE I. 
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FLIGHT DATA 
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Figure 2. - GASP route structure. 
Figi.lre 4, - An airborfi (;A:;P irstr~:i-xiit (ctarbnrl r t ~ o r ~ o x i c i ~  analyzer) 
packagpd i? t b i i  d * i i a ? i c i  csies 
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Figure 5. - Simultaneous measurements of ozone, 
carbon monoxide, condensation nuclei, and air 
temperature obtained wi th GASP instruments d u r -  
i n g  a f l ight  f rom Los Angeles to Honolulu. 
F igure  6. - S imu l taneous  measurements of ozone, 
ca rbon  monoxide, and  a i r  tempera tu re  obtained 
in t h e  stratosphere w i t h  GASP i n s t r u m e n t s  d u r -  
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